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3.8 REPORT OF THE SUBPANEL ON METHODS OF VERIFICATION* 
The methods of  v e r i f i c a t i o n  subpanel  met for two 4-hour s e s s i c . ? s  on November 
18 and 19,  1981, t o  d e f i n e  research n e r d s  i r .  t h i s  area for Ear th  r e s o u r c e  ob- 
s e r v a t i o n a l  systems. The panel consisted of: 












A i  Chun Fang 
NASA Headquar t e r s  
R.B. MacDonald 
NASA/ JSC 




3.8.1 State  of Knowledge 
We refer t o  v e r i f i c a t i o n  a s  a p roduc t ion  o r i e n t e d  q u e s t i o n  because  we are  no t  
r e a l l y  do ing  v e r i f i c a t i o n  fo r  t h e  u s e s  of r e s e a r c h  a c t i v i t i e s .  We're t r y i n g  
t o  v e r i f y  o u t p u t  d a t a  p r o d u c t s  from a p roduc t ion  system for  p roduc t ion  or i -  
e n t e d  users. Included i n  t h a t  c l a s s  of  p roduc t ion  o r i e n t e d  u s e r s  i s  the pro- 
d u c t i o n  system i t s e l f ,  i .e . ,  q u a l i t y  c o n t r o l  of  o u t p u t .  V e r i f i c a t i o n  i s  n o t  a 
well d e f i n e d  problem. We're j u s t  beg inn ing  t o  focus o n  Understanding what 
we're t a l k i n g  about .  The re fo re  we recommend a program t c  improve t h e  s t a t e  of 
understanding and o f  t h e  meaning of v e r i f i c a t i o n  and t h e  a p p l i c a t i o n  of  v e r i -  
f i c a t i o n  p roce3ures  t o  a v a r i e t y  of  s e n s o r  systems.  
3.8.2 Recocnmended Research 
Tne top ics  o f  i n t e r e s t  t h a t  were i d e r . t i f i e d  a r e  v e r y  s t r o n g l y  i n t e r r e l a t e d .  
To shaw t h i s  we have developed a t a s k  f low i n  F i g u r e s  1 ,  2,  and 3. Other t h a n  
having dolre t h a t ,  i t  wa,c found t h a t  there  i s  rlo rea l  p r i c r i t y  scheme t h p t  
cou ld  b e  a s s i g n e d ,  a s  t h i s  is  an i n t e g r a t e d  a c t i v i t y  designed t o  p rov ide  more 
understanding i n t o  what needs t o  b e  done i n  imag- r e c t i f i c a t i o n .  Task o n e  
( F i g u r e  1) is t o  deve lop  v e r i f i c a t i o n  procedures .  Task two ( F i g u r e  2 )  in- 
v o l v e s  an  experiment?: hands-cn da t a  demonst ra t ion  and e v a l u a t i o n  of those 
p rocedures  i n  a c m t r o l l e d  t e s t -bed  experiment .  For t a s k  o n e ,  t h e  flow is  a s  
follows: you f-irst need t o  i d e n t i f y  what performance measures  you ' r e  r e a l l y  
concerned about .  We've suggested a handfu l  of s t a r t e r s  such  a s  t h e  number of 
c o n t r o l  p o i n t s .  r e s i d u a l  c o r r e l a t i o n  mapped across  a n  imaae, ana t h e  d i s t r i b u -  
t i o n  of error$ w i t h i n  t h e  image p l ane  fo r  i n d i v i d u a l  and c o i n c i d e n t  sets of  
images. Using t h a t  i n fo rma t ion ,  i t  is p o s s i b l e  t o  gc d i r e c t l y  t o  e x i s t i n g  
d a t a  and compile  r ea l  and s y n t h e t i c  d a t a  sets t h a t  can  a d d r e s s  t h a t  problem. 
In  p a r a l l e l ,  o n e  c a n  review t h e  c u r r e n t  v e r i f i c a t i o n  p rocedures  t h a t  are  used. 
- 
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This is  n o t  a t r i v i a l  undsr tak ing  i n  s p i t e  of t h e  f a c t  t h a t  t h e  c u r r e n t  v e r i -  
f i c a t i o n  procedures  a r e  ve ry  c a s u a l  and unsys temat ic .  "here are  some 
a c t i v t i e s  go ing  on i n  o t h e r  f i e l d s ,  i n  mepping e s p e c i a l l y ,  t h a t  have orde- ly  
procedures  t h a t  a r e  n o t  e x a c t l y  remote sens ing  o r i e n t e d  procedures  b u t  can  b? 
t r a i n i n g  grounds fo r  a subse@i-nL t a s k .  From t h e  e x i s t i n g  procedures ,  i d e n t i -  
f y  and recommend t h e  ones  on hand t h a t  3re u s a b l e  ir, an o p e r a t i o n a l  system. 
deve lop  a d d i t i o n a l  t echn iques  necessa ry  w i t h  some s y n t h e t i c  d a t a  sets ,  and 
perform s p e c i f i c  tests on i n d i v i d u a l  package procedures  t o  ana lyse  t h e  
r e s u l t s .  The end r e s u l t  then  i s  a set of  v e r f i c a t i o n  prdcedures  and sof tware ,  
or a t  l e a s t  a l g o r i t h m s ,  t h a t  can be useab le .  P.e obicput of  t h a t  t h e n  goes  t o  
t a s k  two, which is t h e  v e r i f i c a t i o n  experiment .  
Task t w  i s  t h e  end-to-end t e s t  experiment .  b e  v e r y  f i r s t  s t e p  i n  t a s k  two 
i s  t o  i d e n t i f y  t h e  t e s t  bed. There are s e v e r a l  possible o p t i o n s  and i t ' s  a 
matter of t iming  and some o ther  s u b t l e  d e t a i l s  t h a t  r e l a t e  t o  e x a c t l y  what 
procedures  and requi rements  you want t o  develop.  The ou tpu t  o f  t h e  f i rs t  p a r t  
of t a sk  o n e  del i r ieates  w h a t  v e r i f i c a t i o n  you r e a l l y  want t o  d o  t h a t  w i l l  h e l p  
t o  choose a tes t -bed.  The obvious  choices  on-hand are Landsat  PSS d a t a  o r ,  i n  
t h e  nezr  f u t u r e .  the Landsat-D d a t a  process ing  capab i l i t i e s .  The n e x t  s t e p  i s  
t o  des ign  t h e  e x p e r i r e n t  t o  t e s t  v e r i f i c a t i o n  procedures .  lhis procedure  i n  
development and s e l e c t i o n  a c t i v i t y  is from t a s k  o n e ,  a s  i t  i s  e s s e n t i a l l y  t a s k  
one  t h a t  feeds i n t o  t h a t  knowledge of t h e  s e n s o r  system i t s e l f ,  i n c l u d i n g  er- 
ror budgets ,  as a p a r t  of e s t a b l i s h i n g  t h e  d e s i g n .  Then i t ' s  a n a t t a r  of i m -  
plementing t h ?  oxperiment.  The o u t p u t  of do ing  software o r i e n t e d  measuremeats 
on  s tz t ldardized d a t a  sets allows one  t o  perform some accurasy  measurements. 
You want t o  pay v e r y  close a t t z n t i o n  t o  t h e  feedback loop so t h a t  when you g e t  
p a r t  way the re  yoc s t a r t  lootcing a t  t h e  u s e r s  on t h e  other  s i d e  of t h e  i n f c r -  
mation system t h a t  need t o  see t h e  r e s u l t s  t o  h e l p  better understand what t h e y  
real ly  wanted to have asked  you fo r  i n  v e r i f i c a t i o n .  That  f i n a l l y  l eads  you 
t o  moving one s t e p  beyond t o  t h e  i n t e r n a l  prob?.em and you s t a r t  d e r i v i n g  t h e  
error s o u r c e s  observed and f i n a l l y  report and assess the  r e s u l t s  of t h i s  
experiment .  
Tables  I and I1 o u t l i c e  i n  summary form the  r equ i r ed  e lements  f3r each t a s k  
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4.0 PRESENTATIONS ON USER NEEDS 
4. i INTRODUCTLON 
It WEIS t h e  pu-pose of t h e  User Needs p r e s e n t a t i o n s  t o  d i s c u s s  t h e  imp l i ca t ion ,  
of s s t e l l i t e  image p c s i t i o n a l  accuracy c a p a b i l i t i e s  upon t h e i r  d i s c i p l  & n e t s  
use of t h e  d a t a .  t l l s c i p l i n e  e x p e r t s  d i scussed  t h e  manner !n which d a t a  a r e  
inco rpora t ed  i n t o  the i r  inven to ry ,  d e c i s i o n ,  o r  a n a l y s i s  models and opcra- 
t i o n s .  For each d i s c  i p l i n e  a r e a ,  moni tor ing  and d a t a  base  i n t e g r a t i o n  strd- 
tegin.s  were d i scussed :  i n  pa r t l cu l . a r ,  i m p l i c a t i o n s  f o r  r e g i s t r a t i o n  and rect i -  
f i c a t i o n  requirements .  I n  a d d i t i o n ,  t h e  d i s c u s s a n t s  po in ted  o u t  t h e  p o t e n t i a l  
be?efit  t h a t  m:ght acc rue  from improved registration/rectification dccL;racy. 
W ere a p p  c a b i e ,  t h e  d i s c i p l i n e  e x p e r t j  d i scussed  t h e F r  des i re  t o  i m p l r i e n t  
m u t i t e m p o r a l ,  m u l t i s t a g e ,  and m u l t i s e n s o r  d a t a  source?  f o r  addres s ing  a prob- 
lem, a s  t h e s e  i m p l y  c o n s t r a i n t s  on r e g i s t r a t i o c  and r e c t i f i c a t i o n  a c c u r a c i e s .  
Users a l s o  desc r ibed  t h e  exper imenta l  des ign  (e .g . ,  .--mpl e segments o r  Pill- 
image a r e a  coverage)  ussd t o  ana lyze  a problem. 
